PA" NT COOPERATION TREAT^ 

From the INTERNATIONAL BUREAU 



EO/US 
PCT/KROO/00039 



PCT 

NOTIFICATION OF ELECTION 
(PCT Rule 61.2) 



To: 



Commissioner 

US Department of Commerce 
United States Patent and Trademark 
Office, PCT 

201 1 South Clark Place Room 
CP2/5C24 



Date of mailing: 

1 6 November 2000 (16.11 .00) 


ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


International application No.: 

PCT/KROO/00039 


Applicant's or agent's file reference: 
00-PCT-001 


International filing date: 

20 January 2000 (20.01 .00) 


Priority date: 

11 May 1999(11.05.99) 


Applicant: 

PARK, Young, Seo 



1. The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International preliminary Exa mining Authority on: 

20 January 2000 (20.01.00) 



□ 



in a notice effecting later election filed with the International Bureau on: 



2. The election [XJ was 

| | was not 

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





The International Bureau of WIPO 
34, chemin des Colombettes 
1 21 1 Geneva 20, Switzerland 

Facsimile No.: (41-22)740.14.35 


Authorized officer: 

J. Zahra 

Telephone No.: (41-22)338.83.38 4 



Form PCT/IB/331 (July 1992) 



3644894 



- i 

THIS PAGE BLANKS | 



,WoSgBNTELLE< 



:CTUAL PROPERTY ORGANIZATION 
International Bureau 




pct 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 
HOIH 50/00 



Al 



(11) International Publication Number: WO 00/68965 

(43) International Publication Date: 16 November 2000 (16.1 1.00) 



(21) International Application Number: PCT/KROO/00039 

(22) International Filing Date: 20 January 2000 (20.01.00) 



(30) Priority Data: 
1999/16761 



11 May 1999 (11.05.99) 



KR 



(71) Applicant (for all designated States except US): INTERVEN- 

TION CO., LTD. [KR/KR]; 49-21, Sajik 1-dong, Don- 
grae-ku, Pusan 607-121 (KR). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): PARK, Young, Seo 
[KR/KR]; 22-4, 422-60, Yongho l^dong, Nam-ku, Pusan 
608-091 (KR). 

(74) Agent: LEE, Man, Jae; Woosung Building, 3F, 827-47, 
Yoksam-dong, Kangnam-ku, Seoul 135-080 (KR). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU 
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW. ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MG, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

In English translation (filed in Korean). 



(54) Title: A MAGNETIC CONTACTOR FOR STAR-DELTA CONNECTIONS 
(57) Abstract 



Disclosed is an 
electromagnetic switch 
device for star-delta 
connections including a 
body, three power terminals 
respectively connected to 
three-phase power lines 
at one side of the body, 
three main starting terminals 
respectively connected to 
one-side terminals of a 
three-phase electric motor 
at the other side of the body, 
three star-delta terminals 
respectively connected to 
the other-side ends of the 
three-phase electric motor 
at the other side of the body, 
an electromagnet for a main 
circuit and an electromagnet 
for star-delta connections 
disposed at a lower portion 
of the body in such a fashion 
that they are laterally aligned 
with each other, each of the 
electromagnets including a 
fixed core and a coil wound 
around the fixed core, a main 
circuit switching unit serving 
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121b 




to selectively connect each of the main starting terminals to an associated one of the power terminals in accordance with a magnetization of 
the main circuit-end electromagnet, and a star-delta connection switching unit serving to selectively connect the star-delta terminals to one 
another or to the main starting terminals, respectively, in accordance with a magnetization of the star-delta connection-end electromagnet. 
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A MAGNETIC CONTACTOR FOR STAR- DELTA CONNECTIONS 
Technical Field 

The present invention relates to a magnetic 
contactor (electromagnetic switch device) for star-delta 
connections, and more particularly to an electromagnetic switch 
device designed to be used for a star-delta starter adapted to 
start up a three-phase electric motor in order to allow the 
motor to be driven at its full speed within a short period of 
time. 

Background Art 

As well known, star (Y) -delta (A) starters, which are used 
to start up an electric motor, serve to establish a star 
connection for the electric motor upon the start-up of the^ 
electric motor, thereby reducing starting current and starting 
torque required in the start-up of the electric motor to a 1/3 
level, while switching the connection for the electric motor 
into a delta connection after completion of the start-up of the. 
electric motor so that the electric motor is driven in the delta 
connection state. Such star-delta starters are widely used in a 
variety of industrial fields in order to protect electric motors 
and peripheral devices thereof from overload. 

Star-delta starters are classified into a contact type 
using an electromagnetic switch device adapted to switch 
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electric contact's , by use .".of \ electromagnets, : " and a. non-contact 
type using a semiconductor switch, device. The type using an 
electromagnetic switch device Is more widely, used: ' 

Figs- . la, • ; lb and 2 illustrate a conventional 
electromagnetic switch device and a star-delta starter „using' the 
electromagnetic switch device, respectively. r Fig. la . .is • a; 
perspective view illustrating the electromagnetic . switch device; 
and Fig. lb is a - cross-sectional view taken along the line A - A 
of Fig. la. Fig . • 2 is an equivalent circuit diagram' 
illustrating* the star-delta starter. 

As shown in Figs. la and lb, the .conventional 
electromagnetic switch device, which is denoted by the reference 
character C, includes a body 1, and a coyer 2 separably attached 
to an upper surf ace la : of the- -body l . — Three -pairs of -terminals 
3 are disposed on the upper surface la of the body 1 in such a 
fashion that the terminals .-of each, terminal pair are arranged 
at opposite sides of the body 1/ respectively, while being 
insulated from one another. Electric power lines not shown are v 
connected, to the terminals 3, respectively. • Isolating plates 4 
are arranged /at opposite; sides of the ' cover 2 to isolate; 
adjacent ones' of the. terminals 3. 

Three pairs of -fixed contacts 5 are also provided. Each 
fixed contact 5 is arranged at an end of an associated one of 
the • terminals -3 extending - toward - a - central- portion -o f . the - body - 
1. The fixed contacts 5 are insulated from one another. A 
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vertical moving member 6 is arranged at the central portion of 
the body 1 in such a fashion that it is upwardly and downwardly 
movable. Three pairs of moving contacts 7 insulated from one 
another are mounted to the vertical moving member 6 at opposite 
sides of the vertical moving member 6 in such a fashion that 
each of the moving contacts 7 selectively comes into contact 
with an associated one of the fixed contacts 5 so that it is 
short-circuited or opened with respect to the associated fixed 
contact 5. A compression coil spring 8 is arranged around the 
vertical moving member 6 between the, upper surface la of the 
body • 1 and the moving contacts 7 in such . a fashion that it 
always urges the vertical moving member 6 upwardly. 

A fixed core 9 is arranged at a lower portion of the body 
1. A coil' 10 is wound around the fixed core 9 in order to form 
an electromagnet. Above the fixed core 9, a moving core 11 is 
arranged in such a fashion that it moves vertically along with 
the vertical moving member 6 in accordance with a magnetization' 
of the electromagnet. 

The conventional star-delta starter using electromagnetic 
switch devices having the above mentioned configuration includes 
an electromagnetic switch device CI for a main circuit, an 
electromagnetic switch device C2 for a star circuit, and an 
electromagnetic switch device C3 for a delta connection, which 
are connected together as shown in the equivalent circuit 
diagram of Fig. 2 and activated by a timer (not shown) to start 
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up a. three-phase electric motor M;..\ . ,-. 

When current flows through the ,". coil .. , 10 of the 
electromagnetic switch device C2 -for the star circuit upon 
starting the three-phase electric motor M, the. electromagnet. 
5 formed by the fixed core 9 and coil 10- is magnetized by . virtue 

of the current. , ■ 

Accordingly, the electromagnet generates a magnetic force' 
greater than the resilience of the' spring 8, so that the 
vertical moving member 6 and moving core 11 . are .downwardly 
10 moved. As a result, the moving contacts 7, which also move 
downwardly, come' into : . contact with the fixed contacts 5, 
respectively. 

When the electromagnetic ..switch device CI for the. .main 
circuit is activated in accordance with the same procedure as 

15 mentioned above, a star connection is established for the three- 
phase electric motor M,' so that the three-phase electric motor M 
is started -up using starting current and starting torque reduced 
to a 1/3 level. At the same time, the timer not shown begins to 
operate in order to count the drive time of the three-phase 

20 electric motor M. . 

After a predetermined period of time elapses, the current 
flowing through the coil 10 of the electromagnetic switch device 
C2 for the star connection is cut off by an operation of the 
timer . At the - same time/ current flows through- the coil 10 of- - 

25 the electromagnetic switch device C3 for the delta connection. 
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In this state, the magnetic force of the electromagnet 
formed by the fixed core 9 and coil 10 of the electromagnetic 
switch device C2 for the star connection disappears. As. a 
result, the vertical moving member 6 is upwardly moved along 
5 with the moving core 11 and moving contacts 7 by virtue of the 

resilience of the spring 8, thereby causing the moving contacts 
7 to be separated from the fixed contacts 5. 

Meanwhile, the electromagnet formed by the fixed core 9 
and coil 10 of the electromagnetic switch device C3 for the 
10 delta connection is magnetized by virtue of the current flowing 

through the coil 10. As a result, the moving contacts 7 are 
downwardly moved, so that they come into contact with the fixed 
contacts 5, respectively. 

Accordingly, the electromagnetic switch device C3 for the 
15 delta connection is short-circuited to electric power lines at 
its one-side terminals 3. As a result, the three-phase electric 
motor M is switched to the star connection state to a delta 
connection state, so that it is driven at a full speed. 

In the star-delta starter having the above mentioned 
20 configuration, each of its electromagnetic switch devices is 
used only for a single purpose, that is, a star connection or a 
delta connection. For this reason, the conventional star-delta 
starter cannot implement a desired system unless at least two 
electromagnetic switch devices are used, even when those used 
25 for the main circuit are not taken into consideration. 
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v .'■ As a result, the conventional star-delta starter ■ involves 

high, manufacturing and, installing costs and a large occupation 

space. ; -.■ •* ' V 

The conventional star-delta starter also . involves a 

"complex " wiring "for " the" connection "be^^ the~~ electric motor arid" 

the electromagnetic switch" device used. Such a complex .wiring 

may result in a possibility of erroneous connections. In 

particular, such a' wiring may be easily damaged by an; external 

force applied .thereto, thereby, resulting in an erroneous 

operation of the starter or a damage of the electric motor. 

Disclosure, of. Invention . 

Therefore, an object of the invention is to solve the 
..above mentioned problems involved .in . the prior . art,_ and ,to . 
provide an electromagnetic switch device for star-delta 
connections which includes, two electromagnets arranged in its. 
body and two switching units operating in accordance with, 
respective magnetization states of the electromagnets in order 
to selectively, establish a star connection or a delta connection 
for/ a three-phase electric motor,, so that, it can reduce 
installation costs and. an occupation space when it is applied to 
a star-delta starter while using no unnecessary wiring, thereby 
reducing erroneous connections and erroneous operations. 

■ ~In "accordance^ with the" present invention,- this' object - is - 
accomplished by providing an electromagnetic switch device for 
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star-delta connections comprising: a body; three power terminals 
arranged at one side of the body and respectively connected to 
three-phase power lines, the power terminals being insulated 
from one another; three main starting terminals arranged at the 
other side of the body and respectively connected to one-side 
terminals of a three-phase electric motor, the main starting 
terminals being insulated from one another; three star-delta 
terminals arranged at the other side of the body outside the 
main starting . terminals and connected to the other-side ends of 
the three-phase electric motor, respectively, the star-delta 
terminals being insulated from one another; an electromagnet for 
a main circuit and an electromagnet for star-delta connections 
disposed at a lower portion of . the body in such a fashion that, 
they are laterally aligned with each other while being insulated 
15 from each other, each of the electromagnets including a fixed 
core and a coil wound around the fixed core; a main circuit 
switching unit arranged near the main circuit-end electromagnet 
in the interior of the body, the main circuit switching unit 
serving to selectively connect each of the main starting 
20 terminals to an associated one of the power terminals in 
accordance with a magnetization of the main circuit-end 
.electromagnet; and a star-delta connection switching . unit 
arranged near the star-delta connection-end electromagnet in the 
interior of the body, the star-delta connection switching unit 
25 serving to selectively connect the star-delta terminals to one 
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another or to the main . starting terminals, respectively, in 
accordance with a magnetization of the star-delta connect ion- end 
electromagnet. 

Preferably, the electromagnetic switch device . further 
comprises a timer arranged in the interior of the body and 
adapted to count an activation . time- of, the main circuit-end 
electromagnet, thereby determining a . point of time when the 
star-delta connection-end electromagnet is to be activated* 

The- electromagnetic: switch device may further comprise 
isolating plates arranged between adjacent ones of the power 
terminals, between adjacent ones of the main starting terminals, 
and between adjacent ones of the stair-delta terminals to isolate 
the adjacent : power terminals, the adjacent main starting 
terminals/ and the adjacent' star-delta terminals, respectively. 

The main circuit switching unit may comprise: a .moving 
core vertically movable in accordance with a magnetization of 
the . main circuit-end electromagnet; a vertical moving, member 
integrally coupled to the moving core in such a fashion that it 
is moved along with the moving core; three pairs of fixed 
contacts arranged at desired positions within a vertical 
movement zone of the vertical moving member in such a fashion 
that the fixed contacts included in each of the fixed contact 
pairs are disposed at opposite sides of the vertical moving 
member, -respectively, the- fixed contacts arranged- at one side of - 
the vertical moving member being connected to the power 
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terminals, respectively, while being insulated from one another, 
and the fixed contacts arranged at the other side of the 
vertical moving member being connected to the main starting 

• terminals, respectively, while being insulated from one another; 

5 and three pairs of moving contacts mounted to the vertical 
moving member in such a fashion that the moving contacts 
included in each of the moving contact pairs are disposed at 
opposite sides of the vertical moving member, respectively, the 
moving contacts arranged at one side of the vertical moving 

10 member being insulated from one another, the moving contacts 
arranged at the other side of the vertical " moving member being, 
insulated from one another, and the moving contacts being, 
vertically moved in accordance with a vertical movement of the 
vertical moving member, so that they selectively come into. 

15 contact with respective associated ones of the fixed contacts,. 

thereby causing the power terminal-end fixed contacts to be 
selectively connected to the , starting terminal-end fixed 
contacts . 

The star-delta connection switching unit may comprise: a 
20 moving core vertically movable in accordance with a 
magnetization of the star-delta connection-end electromagnet; a 
vertical moving member integrally coupled to the moving core in 
such a fashion that it is moved along with the moving core; 
three pairs of fixed contacts for star-delta connection arranged 
25 at desired positions within a vertical movement zone of the 
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vertical moving, member in such a fashion that the fixed contacts 
included in each .of the fixed contact pairs are . disposed at 
opposite sides of the vertical moving member, respectively, the 
fixed contacts arranged at one side of the vertical moving 
member being connected to the main . starting terminals, 
respectively, while being insulated from one, another, and the 
fixed contacts arranged at the other side of the vertical moving 
member being connected to the star-delta terminals, 
respectively, while being insulated .from one another; three 
pairs of moving contacts for delta connection mounted to the 
vertical moving member in such a fashion that the moving 
contacts included in each of the moving contact pairs are 
disposed at opposite sides,, of the vertical moving member, 
respectively, the moving contacts arranged at one side of the 
vertical moving member being insulated from one another, the 
moving contacts arranged at. the other side of the vertical 
moving member being insulated from one another, and the moving 
contacts being vertically moved in accordance with a vertical 
movement of the vertical moving member, so that they selectively 
come into contact with respective associated ones of the fixed 
contacts, thereby causing the star-delta connection-end fixed 
contacts to be selectively connected to the starting, terminal- 
end fixed contacts so as to achieve a delta connection; and 
three -moving contacts - -for star -connection- mounted -to the 
vertical moving member at a position vertically shifted from the 
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delta connection-end moving contacts near the star-delta 
connection-end fixed contacts, the star connection-end moving 
contacts being short-circuited together, and the star 
connection-end moving contacts being vertically moved in 
accordance with a vertical movement of the vertical moving 
member, so that they selectively come into contact with 
respective associated ones of the fixed contacts, thereby 
causing the fixed contacts to be selectively connected together 
so as to achieve a star connection, the star connection by the 
star connection-end moving contacts being achieved when the 
delta connection by the delta connection-end moving contacts is 
released. 

Each of the main circuit switching unit and star-delta 
connection switching unit may further comprise a return springs 
adapted to provide a return force for returning the associated 
vertical moving member to an original position thereof at which 
the associated moving contacts are separated from respective 
associated ones of the fixed contacts. 

Each of the main circuit switching unit and star-delta 
connection switching unit may further comprise an arc prevention 
spring arranged in the associated vertical moving member and 
adapted to always urge the associated moving contacts toward the 
associated fixed contacts, thereby increasing the contact force 
of the moving contacts when the moving contacts come into 
contact with the fixed contacts, so as to suppress generation of 
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■ ; arc at . regions where the moving contacts come into contact with 

- ; the /fixed contacts,, respectively- „. r ' --. / v - 

' Brief Description of Drawings. 
5 / The / above objects, and other' features and , advantages of 

: .the present -invention .wil-l become- more , apparent after a reading 
of the following detailed description when taken in conjunction 
"'"\ '•" " with the ; drawings, in which: - ,. ■ /■>"/. 

. Figs . -/.' la> • lb . and . 2 illustrate a conventional 
10 - electromagnetic switch device and- a- star-delta starter using the 
']'.. electromagnetic .switch 'device, respectively, ; wherein Fig, la is 
a perspective ' view / illustrating v the, electromagnetic switch . 
device, Fig. ib is a cross-sectional view taken along the, line A 

.......^ . - , j± „ 0 f .... Fig. la> and - Fig r . 2 - is an equivalent circuit diagram 

15 ./. illustrating .the star-delta starter; and • 

: Figs. 3a, . 3b and 4 illustrate an electromagnetic switch/ 
device- according to the present invention and. a star-delta 
starter using the electromagnetic switch device, respectively, 
wherein Fig. 3a is a perspective view illustrating the 
20 / electromagnetic switch . device, Fig. 3b is . a cross-sectional view 
taken along the line A - A of Fig. 3a, and Fig. 4 is an 
equivalent circuit diagram illustrating the star-delta starter 
using the electromagnetic switch device according to the present 

- • invention. ./ .._../..■.: - . : — - 
25 ■•■ . •■ "•' ' ■ , .. • , 
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Best Mode for Carrying Out the Invention 

Figs. 3a, 3b and 4 illustrate an electromagnetic switch 
device according to the present .invention and a star-delta 
starter using the electromagnetic switch device, respectively. 
5 Fig. 3a is a perspective view of the electromagnetic switch 

device, and Fig. 3b is a cross-sectional view taken along the 
line A - A of Fig. 3a. Fig. 4 is an equivalent circuit diagram 
of the star-delta starter using the electromagnetic switch 
device according to the present invention. 
10 As shown in Figs. 3a and 3b, the electromagnetic switch 

device of the present invention, which is denoted by the 
reference character C, includes a body 110, and three power - 
terminals 121a, 121b, and . 121c arranged at one side of the body 
110 and respectively connected to three-phase power lines R, S, 
15 and T. The power terminals 121a, 121b, and 121c are insulated 
from one another. The . electromagnetic switch device also 
includes three main starting terminals 122a, 122b, and 122c 
arranged at the other side of the body 110 and respectively 
connected to one-side terminals u, v, and w of a three-phase 
20 electric motor M. The main starting - terminals 122a, 122b, and 
122c are insulated from one another. Three star-delta terminals 
123a, 123b, and 123c are arranged at the other side of the body 
110 outside the main starting terminals 122a to 122c. The star- 
delta terminals 123a, 123b, and 123c are connected to the other- 
25 side ends Z, X, and Y of the three-phase electric motor M, 
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.respectively. The . star-delta terminals 123a,. 123b/ and 123c are., 
. insulated from' one another-. \ : V." . •" 

An' electromagnet' 130 ■■■ for , a main circuit- and an 
electromagnet 140 for ;■ star-delta connections ..are ■ disposed at a 
5 . lower portion of the body 110 in such a fashion that they are 
laterally aligned with each, other while being 'insulated from 
each other. The electromagnet 130 includes a fixed, core 131 and 
a coil 132 whereas the' electromagnet 140 includes a* fixed core 
141 and a coil 142. ; 
10 The electromagnetic switch device also includes a main 

circuit switching unit 150 arranged above the main circuit-end 
electromagnet 130 in the interior of the bbdy H0. The. /main 
circuit switching unit 150 serves to selectively connect -the- 

' 1 - main starting terminals 122a/- : 122b> and 122c to respective power 

15 " terminals k . 121a, ' 121b, ' and . 121c/ in accordance . with a 
magnetization of the main circuit-end electromagnet 130, 

The main circuit switching-" unit • 150 includes a* main 
circuit-end moving core 1*51 and a main circuit-end vertical . 
moving member 152 integrally coupled together and arranged above 
20 the main circuit-end electromagnet 130 near the; main circuit-end 

electromagnet 130. The moving core 151 and vertical moving 
member 152 are adapted to be moved together in accordance with a 
magnetization of the electromagnet 130. The main circuit 

.-- - switching unit 150 -also -includes three - pairs of main- circuit-end - 

25 fixed contacts • 153a, 153b, and 153c arranged, at desired 
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positions within a vertical movement zone of the main circuit- 
end vertical moving member 152 in such a fashion that the fixed 
contacts of each fixed contact pair are disposed at opposite 
sides of the vertical moving member 152, respectively- The 
fixed contacts 153a, 153b, and 153c arranged at one side of the 
vertical moving member 152 are connected to the power terminals 
121a, 121b, and 121c, respectively, while being insulated .from 
one another. The fixed contacts 153a, 153b,- and 153c arranged 
at the other side of the vertical moving member 152 are. 
connected to the main starting terminals 122a, 122b, and 122c, 
respectively, while being insulated from one another. Three 
pairs of moving contacts 154a, 154b, and 154c are mounted to the, 
main circuit-end vertical .moving member 152 in such a fashion 
that the moving contacts of each moving contact pair are 
disposed at opposite sides of the vertical moving member 152, 
respectively. The moving contacts 154a, 154b, and 154c arranged 
at one side of the vertical moving member 152 are insulated from 
one another. In similar, the moving contacts 154a, 154b, and 
154c arranged at the other side of the vertical moving member 
152 are insulated from one another. The moving contacts 154a, 
154b, and 154c are vertically moved in accordance with a 
vertical movement of the vertical moving member 152, so that 
they selectively come into contact with respective associated 
ones of the fixed contacts 153a, 153b, and 153c, thereby causing 
the power terminal-end fixed contacts 153a, 153b, and 153c to be 
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selectively, connected .to the -starting terminal-end fixed 
contacts 153a, 153b/ and 153c. 

Return springs- 155 are ' arranged around the moving .core "151^ 
between the upper surface of the main circuit-end electromagnet 
5 130 and the lower surface of the main circuit-end vertical 

moving, member 152 in order to provide a return force for 
. '. returning the vertical moving member 152 to its original 
position at' which the moving contacts 154a, 154b, and 154c . are 
separated from respective associated ones of the fixed contacts 
10 153a, 153b, and 153c. An arc prevention. spring 156 is arranged 

in the main circuit-end vertical moving member 152 in order to 
always urge the moving contacts 154a, 154b, and 154c toward the 
..fixed contacts 153a, 153b, and 153c, thereby increasing the 
contact force of the moving contacts 154a, 154b, and 154c when 
15 the moving contacts 154a, 154b, and 154c come into contact with 

• the fixed contacts 153a, 153b, and 153c, so as to suppress 
generation of arc. at those contacts. 

The electromagnetic switch device further includes a star- " 
: delta connection switching unit .160 arranged above the star- 
20- delta connection-end electromagnet 140 in the interior of the 
body 110. The star-delta connection switching unit 160 serves 
to selectively connect the star-delta terminals 123a, 123b, 123c 
to one another or to respective main starting terminals 122a, 
- - 122b, and 122c in accordance with a magnetization, of the star- 
25 delta connection-end electromagnet 140. 
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The star-delta connection switching unit 160 includes a 
star-delta connection-end moving core 161 and a star-delta 

r: 

connection-end vertical moving member 162 integrally coupled 
together and arranged above the star-delta connection-end 
5 electromagnet 140 near the star-delta connection-end 
electromagnet 140. The moving core 161 and vertical moving 
member 162 are adapted to be moved together in accordance with a 
magnetization of the electromagnet 140. The star-delta 
connection switching unit 160 also includes three pairs of fixed 

10 contacts 163a, 163b, and 163c for star-delta connection arranged 
at desired positions within a vertical movement zone of the 
star-delta connection-end vertical moving member 162 in such a 
fashion that the fixed contacts of each fixed contact pair are 
disposed at opposite sides of the vertical moving member 162, 

15 respectively. The fixed contacts 163a, 163b, and 163c arranged 
at one side oi the vertical moving member 162 are connected to 
the main starting terminals 122a, 122b, and 122c, respectively, 
while being insulated from one another. The fixed contacts 
163a, 163b, and 163c arranged at the other side of the vertical 

20 moving member 162 are connected to the star-delta terminals 
123a, 123b, and 123c, respectively, while being insulated from 
one another. Three pairs of moving contacts 164a, 164b, and 
164c for delta connection are mounted to the star-delta 
connection-end vertical moving member 162 in such a fashion that 

25 the moving contacts of each moving contact pair are disposed at 
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opposite sides of the vertical moving ..member 162,. respectively. 
The moving contacts 164a, 164b, and -164c arranged at one side of 
the vertical moving member 1.62 are insulated from one another. 
In similar, the moving contacts 164a, 164b, and 164 c arranged at 
the other side of the vertical moving " member "162- are insulated 
from one another. The moving contacts 164a, 164b, and 16.4c are 
vertically- moved , in accordance with a vertical movement of the 
vertical moving member 162, so that they selectively come into 
contact with respective associated ones of the fixed contacts 
163a, ,163b, and 163c, thereby causing the: star-delta connection-, 
end fixed contacts 163a, . 163b, and 163c to ^be selectively 
connected to the starting terminal-end fixed contacts 163a, 
163b, and 163c. 

Three moving- , contacts 167a, 167b, ... and 167c for. . star 
connection are also, mounted to the star-delta connect ion- end 
vertical moving member 162 above- the delta connection- end moving 
contacts 164a, 164b, and 164c near the fixed contacts 163a, 
163b, and 163c connected to the. star-delta . terminals '123a, 123b, 
and 123c. The star connection-end moving contacts 167a, 167b, 
and 167c are short-circuited together. The moving contacts 
167a, 167b, and 167c are vertically moved in accordance with a 
vertical movement of the vertical moving member 162, so that 
they selectively come into contact with respective associated 
ones, of the, fixed contacts. 163a, . 163b,. and 163c.,„ thereby ^causing;, 
the fixed contacts 163a, 163b, and 163c to be selectively 
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connected together. The star connection by the star connection- 
end moving contacts 167a, 167b, and 167 c and the delta 
connection by the delta connection-end moving contacts 164a, 
164b and 164c are achieved in an alternating fashion. For 
example, the star connection by the star connection-end moving 
contacts 167 a, 167b, and 167 c is achieved when' the delta 
connection by the delta connection-end moving contacts 164a, 
164b and 164c is released. 

Return springs 165 are arranged around the star-delta 
connection-end moving core 161 between the upper surface of the 
star-delta connection-end electromagnet 140 and the lower 
surface of the star-delta connection-end vertical moving member 
162 in order to provide a return force for returning the 
vertical moving member 162 to its original position at which the 
delta connection-end moving contacts 164a, 164b, and 164c are 
separated from respective associated ones of the fixed contacts 
163a, 163b, and 163c.< An arc prevention spring 166 is arranged 
in the star-delta connection-end vertical moving member 162 in 
order to always urge the delta connection-end moving contacts 
164a, 164b, and 164c and the star connection-end moving contacts 
167a, 167b, and 167c toward respective corresponding portions of 
the fixed contacts 163a, 163b, and 163c, thereby increasing the 
contact force of the delta connection-end moving contacts 164a, 
164b, and 164c or the star connection-end moving contacts 167a, 
167b, and 167c when the delta connection-end moving contacts 
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164a, 164b/ and 164c or the star connection-end moving contacts 
167a, 167b, . and 167c come into contact with the fixed contacts 
153a, 153b, and " 153c, so as to suppress generation of arc at 
those contacts . 

5 A timer 170 is arranged beneath .the main circuit-end 

electromagnet 130 and star-delta connection-end electromagnet 
140 in the interior of the body 110. The timer 170 serves to 
count an activation time of the main circuit-end electromagnet 
130, thereby determining a point of time when the star-delta 

10 connection-end electromagnet 140 is to be activated. Isolating 
plates 180 are also arranged to isolate adjacent ones of the 
power terminals 121a, 121b, and 121c, adjacent ones of the main 
starting terminals 122a, 122b, and' 122c, and adjacent ones of., 
the star-delta terminals 123a, 123b, and 123c, respectively . 

15. In the. drawings, the reference numeral 191 denotes 

terminals to which power lines are coupled in order ; to supply 
current to the coils 132 and 142. . The reference numeral 192 
. denotes bolts respectively coupled to the terminals 191 in order 
to provide an easy connection of the power lines to the 

20 terminals 191. 

The electromagnetic switch device C for star-delta 
connections having the above mentioned configuration operates in 
a connection state, as shown in the equivalent circuit diagram 
•• of " Fig. 4~, in such a fashion that ■■ it establishes a star 

25 connection, when it is desired to start up the electric motor M, 
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in order to achieve a start-up of the electric motor M using 
starting current and starting torque reduced to a 1/3 level 
while switching the connection of the electric motor M to a 
delta connection after completion of the start-up of the 
electric motor M. For the best understanding of the present 
invention, elements' of Fig. 4 respectively corresponding to 
those in Figs. 3a and 3b are denoted by the same reference 
numerals . 

Now, the operation of the electromagnetic switch device C 
for star-delta connections according to the present invention 

will be described. 

When current flows through the coil 132 of the main 
circuit-end electromagnet 130, which is constructed by the fixed 
core 131 and the coil 132, upon starting the three-phase 
electric motor M, the electromagnet 130 is magnetized by virtue 
of the current. Simultaneously with the magnetization of the 
electromagnet 130, the timer 170 begins to count the activation 
time of the electromagnet 130. 

As the electromagnet 130 is activated, it generates a 
magnetic force greater than the resilience of the return spring 
155, so that the moving core 151 and vertical moving member 152 
are downwardly moved. At the same time, the main circuit-end 
moving contacts 154a, 154b, and 154c are downwardly moved, so 
that they come into contact with the main circuit-end fixed 
contacts 153a, 153b, and 153c, respectively. 
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; in such* an -.initial state, ' the, star-delta connection-end 
electromagnet 140 is- ^maintained under ; a non-magnetization 
condition, that is, - .a , condition, in which no current flows 
through the coil .142, Accordingly, the star-delta connection- 
end moving coil 161 and star-delta connection-end vertical 
moving member 162 are maintained in a state in which they are 
spaced away from the coil 142 by virtue of the resilience of the 
return spring., 165. . In this state, the -delta connection-end; 
moving contacts 164a, . 164b, :• and 164c are •• separated from the 
associated fixed contacts 163a, 163b, and 163c whereas the star, 
connection-end moving contacts 167a, 167b, - t and 167c are ; in 
contact with the associated fixed contacts 163a, ;1 63b, and 163c,^ 
that is, /in . a state, short-circuited to the associated fixed 

contacts 1 63a , 1 63b , and 1 63c . ■ ^ " - - 

Accordingly, thei three-phase electric motpr M is in a, star 
connection . state/, so that it* is started up by electric power 
supplied via the r three-phase power • lines R, S, and ; T 
respectively .connected to the power -•. terminal 121a, 121b, and 
121c. ' •'. r ■ V. ' . ■ - V .V - 

. After a predetermined period of time elapses, the timer 
170 operates to allow current to flow through . the coil. 142 of 
the star-delta connection-end electromagnet 140. By virtue of 
the current, the star-delta connection-end electromagnet 14 0 is 

magnetized . - • - -\ - ~~ ~ : * — ~ ~ ~ 

As the electromagnet 130. is activated, it generates, a 
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magnetic force greater than the resilience of the return spring 
165, so that the moving core 161 and vertical moving member 162 

are downwardly moved. 

At the same time, the star connection-end moving contacts 

167a, 167b, and 167c are downwardly moved, so that, they are 
separated from the associated fixed contacts 163a, 163b, and 
163c, respectively. Also, the delta connection-end moving 
contacts 164a, 164b, and 164c are downwardly moved, so that they 
come into contact with the associated fixed contacts 163a, 163b, 
and 163c, respectively. 

As a result, the main starting terminals 122a, 122b, and 
122c are connected with the star-delta terminals 123a, 123b, and 
123c, respectively, so that the three-phase electric motor M is 
switched to a delta connection state in which it is driven at a 
full speed. 

Industrial Applicability 

As apparent from the above description, the present 
invention provides an electromagnetic switch device for star- 
delta connections which includes two electromagnets arranged in 
its body and two switching units operating in accordance with 
respective magnetization states of the electromagnets in order 
to selectively establish a star connection or a delta connection 
for a three-phase electric motor. The electromagnetic switch 
device of the present invention can reduce installation costs 
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■ and an: occupation space; when . it is . applied to a star-delta 
\ : starter^ ■ .In addition, there . is , ; no, unnecessary ^ wiring. ; 
' Accordingly, it is possible to reduce erroneous, connections and 
. erroneous operations ; . . - > 
J 5" ~ : . " ~ : "." " Although" the preferred" embo invention " have 7" T 

been "disclosed for illustrative purposes, -those skilled in the ■ 
>■ art' will appreciate that 5 various modifications, . additions and 
, • substitutions, "are possible/ without departing from the . scope and . . ; : 
. \ spirit of the invention, as disclosed in the accompanying claims. 




24 • 



WO 00/68965 



PCT/KR00/00039 



WHAT IS CLAIMED IS: 

1. An electromagnetic switch device for star-delta" 
connections comprising: 
a body; 

three power terminals arranged at one side of the body and 
respectively connected to three-phase power lines, the power 
terminals being insulated from one another; 

three main starting terminals arranged at the other side 
of the body and respectively connected to one-side terminals of 
a three-phase electric motor, the main starting terminals being 
insulated from one another; 

three star-delta terminals arranged at the other side of 
the body outside the main starting terminals and connected to 
the other-side ends of the three-phase electric motor, 
respectively, the star-delta * terminals being insulated from one 
another; 

an electromagnet . for a main circuit and an electromagnet 
for star-delta connections disposed at a lower portion of the 
body in such a fashion that they are laterally aligned with each 
other while being insulated from each other, each of the 
electromagnets including a fixed core and a coil wound around 
the fixed core; 

a main circuit switching unit arranged near the main 
circuit-end electromagnet in the interior of the body, the main 
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circuit switching unit serving -to selectively connect each of 
the main starting, terminals to an associated one of the power 
terminals in accordance with a magnetization of the main 
. circuit-end electromagnet; and 
5 a star-delta connection switching unit arranged near the 

star-delta connection-end electromagnet in the interior • of the 
body, the. star-delta connection switching unit serving to 
selectively connect the star-delta terminals to one another or 
to the main starting terminals, respectively, in accordance with 
10 a magnetization of the star-delta connection-end electromagnet. 

. 2. The electromagnetic switch device in accordance with 
claim 1, further comprising:' , 

a timer arranged in- the interior of the body - and • adapted 
15 to count an activation .. time of the main circuit-end 

ellectromagnet, thereby determining a point , of time when the 
star-delta connection-end electromagnet is to be activated. 

3. The electromagnetic switch device in accordance with . 
20 claim 1, further comprising: - 

isolating plates arranged between adjacent ones of the; 
power terminals, between adjacent ones of the main, starting 
terminals, and between adjacent ones of the star-delta . terminals 
- to - isolate- the adjacent- power terminals, the.. -adjacent .main 
25 starting terminals, and the adjacent star-delta terminals, 
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respectively. 

4. The electromagnetic switch device in accordance with 
claim 1, wherein the main circuit switching unit comprises: 
5 a moving core vertically movable in accordance with a 

magnetization of the main circuit-end electromagnet; 

a vertical moving member integrally coupled to the moving 
core in such a fashion that it is moved along with the moving 
core; 

10 three pairs of fixed contacts arranged at desired 

positions Within a vertical movement zone of the vertical moving 
member in such a fashion that the fixed contacts included in 
each of the fixed contact pairs are disposed at opposite sides 
of the vertical moving member, respectively, the fixed contacts 

15 arranged at one side of the vertical moving member being 

connected to the power terminals, respectively, while being 
insulated from one another, and the fixed contacts arranged at 
the other side of the vertical moving member being connected to 
the main starting terminals, respectively, while being insulated 

20 from one another; and 

three pairs of moving contacts mounted to the vertical 
moving member in such a fashion that the moving contacts 
included in each of the moving contact pairs are disposed at 
opposite sides of the vertical moving member, respectively, the 

25 moving contacts arranged at one side of the vertical moving 
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member being insulated, from one another, the moving- contacts 
arranged, at the other side of the vertical moving member being 
insulated from one another, and the moving contacts being 
vertically moved in accordance with a vertical movement of the 
vertical moving member, so that they selectively - come into 
contact with respective associated ones of the fixed contacts, 
thereby causing the power- terminal-end fixed contacts to be 
selectively connected to the / starting terminal-end .. fixed 
contacts. 

. 5. The electromagnetic switch device in accordance with 
claim 1, wherein the star-delta connection switching unit 
comprises: 

a moving* core vertically movable • in accordance with a 
magnetization. of the star-delta connection-end electromagnet; 

a vertical moving member integrally coupled to the moving 
core in such a . fashion that it is moved along with the moving 
core; ; • 

three pairs of fixed contacts for star-delta connection 
arranged at desired positions within a vertical movement zone of 
the vertical moving member in such a fashion that the fixed 
contacts included in each of the fixed contact pairs are 
disposed at opposite sides of the vertical moving member, 
respectively, the fixed contacts arranged at one- side of - the 
vertical moving member being connected to the main starting 
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terminals, respectively, while being insulated from one another, 
and the fixed contacts arranged at the other side of the 
vertical moving member being connected to the star-delta 
terminals, respectively,, while being insulated from one another; 
5 three pairs of moving contacts for delta connection 

mounted to the vertical moving member in such a fashion that the 
moving contacts included in each of the moving contact pairs are 
disposed at opposite sides of the vertical moving member, 
respectively, the moving contacts arranged at one side of the 

10 vertical moving member' being insulated from one another, the 
moving contacts arranged at the other side of the vertical 
moving member being insulated from one another, and the moving 
contacts being vertically moved in accordance with a vertical 
movement of the vertical moving member, so that they selectively 

15 come into contact with respective associated ones of the fixed 
contacts, thereby causing the star-delta connection-end fixed 
contacts to be selectively connected to the starting terminal- 
. end fixed contacts so as to achieve a delta connection; and 

three moving contacts for star connection mounted to the 

20 vertical moving member at a position vertically shifted from the 
delta connection-end moving contacts near the star-delta 
connection-end fixed contacts, the star connection-end moving 
contacts being short-circuited together, and the star 
connection-end moving contacts being vertically moved in 

25 accordance with a vertical movement of the vertical moving 
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: member, so that , they - selectively ' come .into * contact with 

respective associated ones of the . fixed contacts, > thereby 
'"" causing the fixed contacts to be selectively . connected together 

so as to achieve a star connection, the star connection by the 
5 ' star connection-end . moving contacts being ] achieved when the 

delta connection by the delta connection-end moving contacts is. 

released- . ' .. *'-y; . ' r - 

6. The electromagnetic .switch 7 device in accordance with 
10 claim 4' or 5, further comprising: • . 

a return springs adapted to provide a return force for. 
returning the vertical : moving member to .an original position 
thereof at which the moving contacts are separated from 
fe^ect^ve^as^ contacts ; -•^--••^ 

' 7. The. electromagnetic switch device in ' accordance with 
claim 4 or 5, further comprising: 

an arc prevention spring arranged in the vertical moving 
member and adapted to always urge the moving contacts toward the 
20 ■" fixed contacts, thereby increasing the contact force of the 
moving contacts when the moving contacts come into contact with 
the fixed contacts, so as to suppress ^generation- of arc at 
regions where the moving • contacts come into contact with the 
~ fixed contacts , respectively-* " " - w : : " ' 
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international applicationas as filed has been furinshed. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

The amendments have resulted in the cancellation of: 

I I the description, pages 
[X~| the claims, Nos. 2-4~7 
p | the drawings, sheet 



5. This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box(Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this opinion as "originally filed. " and are not annexed to this report since they do not contain amendments (Rules 70. 16 
and 70. 1 7). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



f^PRational apiication No. 
PCT/KR00/00039 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I. Statement 

Novelty (N) Claims U g» 6 . YES 

Claims . NO 

Inventive step (IS) Claims U 5, 6 • YES 

Claims NO 

industrial applicability (I A) Claims U 5, 6 . YES 

Claims NO 



2. Citations and explanations (Rule 70.7) 

This statement is based on the amended claims 1 , 5, 6 filed on March 20, 2001 with the letter of 
July 20, 2001. 

The claimed invention relates to an electromagnetic switch device designed to be used for a 
star-delta starter adapted to start up a three-phase electric motor. The electromagnetic switch 
device is configured to switch on and off a main power source by electric switching operations 
conducted by a main circuitr-end, electromagnet and a main circuit-end vertical moving member. 
It is also configured to selectively enable a star connection or a delta connection in accordance 
with the switching operation of a star-delta connection-end electromagnet and a star-delta 
connection-end vertical moving member. 

None of the documents in the International Search Report (ISR), taken alone or in combination, 
discloses the special combination of features defined in the invention. Furthermore, in the ISR 
documents there are no suggestions leading a person skilled in the art towards the invention 
defined by amended claims 1 , 5, 6. Therefore, the invention is novel, involves an inventive step, 
and has industrial applicability. 
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ELECTROMAGNETIC SWITCH DEVICE 
Technical Field 

The present invention relates to an 
electromagnetic switch device for star-delta 
connections, and more particularly to an electromagnetic 
switch device designed . to be used for a star-delta 
starter adapted to start up a three-phase electric motor 
in order to allow the motor to be driven at its full 
speed within a short period of time. 

Background Art 

As well known, star (Y) -delta (A) starters, which 
are used to start up an electric motor, serve to 
establish a star connection for the electric motor upon 
the start-up .o f 7 ? the .electric motor, thereby reducing 
starting current and starting torque required in the 
start-up of the electric motor to a 1/3 level, while 
switching the connection for the electric motor into a 
delta connection after completion of the start-up of the 
electric motor so that the electric motor is driven in 
the delta connection state. Such star-delta starters are 
widely used in; a variety of industrial fields in order 
to protect electric motors and peripheral devices 
thereof from overload. ■ 

Star-delta starters are classified into a contact 
type using an electromagnetic switch device adapted to 
switch electric contacts by use of electromagnets, and a 
non-contact type using a semiconductor switch device. 
The type using an electromagnetic switch device is more 
widely used. 

FIGS. la, lb and 2 illustrate a conventional 
electromagnetic switch device and a star-delta starter 
using the electromagnetic switch device, respectively. 
FIG. la is a perspective view illustrating the 
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electromagnetic switch device, and FIG . lb is a cross- 
sectional view taken along the line a ■ - a of FIG . la. 
FIG. 2 is an equivalent circuit diagram illustrating the 
star-delta starter. 
5 As shown in FIGS. la and lb, the conventional 

electromagnetic switch device, which is denoted by the 
reference character C, includes a body 1, and a cover 2 
detachably attached to an upper surface la of the body 
1. Three pairs of terminals 3 are disposed on the upper 
10 surface la of the body 1 in such a fashion that the 
terminals of each terminal pair are arranged at opposite 
sides of the body 1, respectively, while being insulated 
from one another. Electric power lines not shown are 
connected to the terminals 3, respectively. Isolating 
15 plates 4 are arranged at opposite sides of the cover 2 
to isolate adjacent ,ones of the terminals 3. 

Three pairs of fixed contacts 5 are also arranged 
on the upper surface la of the body 1. Each fixed 
contact 5 is arranged at. an end of an associated one of 
20 the terminals 3 extending toward a central portion of 
the body 1. The fixed contacts 5 are insulated from one 
another. A vertical moving member 6 is arranged at the 
central portion of the body 1 in such a fashion tfiat it 
is upwardly and downwardly movable. Three pairs of. 
25 moving contacts 7 insulated from one another are mounted 
to the vertical moving member 6 at opposite sides of the 
vertical moving member 6 in such a fashion that each of 
the moving contacts 7 selectively comes into contact 
with an associated one of the fixed contacts 5 so that 
30 it. is short-circuited or opened with respect to the 
associated fixed contact 5. A compression coil spring 8 
is arranged around the vertical moving member 6 between 
the upper surface la of the body 1 and the moving 
contacts 7 in such . a fashion that it always urges the 
35 vertical moving member 6 upwardly. 
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A fixed core 9 is arranged at a lower portion of 
the body 1. A coil 10 is wound around the fixed core 9 
in order to form an electromagnet. Above the fixed core 
9, a moving core 11 is arranged in such a fashion that 
it moves vertically along with the vertical moving 
member 6 in accordance with a magnetization of the 
electromagnet. 

The conventional star-delta starter using 
electromagnetic switch devices having the above 
mentioned configuration includes an electromagnetic 
switch device CI for a main circuit, an electromagnetic 
switch device C2 for a star circuit, and an 
electromagnetic switch device C3 for a delta connection, 
which are connected together as shown . in the equivalent 
circuit diagram of FIG. 2 and activated by a timer (not 
shown) separa-tely installed. 

When 1 current flows through the coil 10 of the 
electromagnetic switch device C2 for the star circuit 
upon starting a three-phase electric motor M, the 
electromagnet formed by the fixed core 9 and coil 10 is 
magnetized by virtue of the current. 

Accordingly, the electromagnet generates a 
magnetic force greater t&an the resilience of the spring 
8, so that the vertical moving member 6 and moving core 
11 are downwardly moved. As a result, the moving 
contacts 7, which also move downwardly, come into 
contact with the fixed contacts 5, respectively. 

When the electromagnetic switch device CI for the 
main circuit is activated in accordance with the same 
procedure as mentioned above, a star connection is 
established for the three-phase electric motor M, so 
that the three-phase electric motor M is started up 
using starting current and starting torque reduced to a 
1/3 level. At the same time, the timer (not shown) 
separately installed begins to operate in order to count 
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the drive time of the three-phase electric motor M. 

After a predetermined period of time elapses, the 
current flowing through the coil 10 of the 
electromagnetic switch device C2 for the star connection 
5 is cut off by an operation of the timer. At the same 
time, current flows through the coil 10 of the 
electromagnetic switch device C3 for the delta 
connection . . 

In this state, the magnetic force of the 
10 electromagnet formed by the fixed core 9 and coil 10 of 
the electromagnetic switch device C2 for the star 
connection disappears. As a result, the vertical moving 
member 6 is upwardly moved along with the moving core 11 
and moving contacts 1 by virtue of the resilience of the 

15 spring 8, thereby causing the moving contacts 7 to be 
separated- from the fixed contacts 5. 

Meanwhile, the electromagnet formed by the fixed 
core 9 and coil 10 of the electromagnetic switch device 
C3 for the delta connection is magnetized by ■ virtue of 

20 the current flowing through the coil 10. As a result, 
the moving contacts 7 are downwardly moved, so that they 
come into contact with the fixed contacts 5, 
respectively. * 

Accordingly, the electromagnetic switch device C3 

25 for the delta connection is short-circuited to electric 
power lines at its one-side terminals 3. As a result, 
the three-phase electric motor M is switched to the star 
connection state to a delta connection state, so that it 
is driven at a full speed. 

30 In the star-delta starter having the above 

mentioned configuration, each of its electromagnetic 
switch devices is used only for a single purpose, that 
is, a star connection or a delta connection. For this 
reason, the conventional star-delta starter cannot 

35 implement a desired system unless at least three 
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electromagnetic switch. devices including the 
electromagnetic switch. CI for the main circuit, the 
electromagnetic switch C2 for the star connection, and 
the electromagnetic switch C3 for the delta connection, 
5 as shown in FIGS. 3a and 3b. 

FIG. 3a is a view illustrating a practical 
connection of a three-phase motor provided with a 
convention electromagnetic switch device. FIG. 3b is an 
equivalent circuit diagram of the conventional 
10 electromagnetic switch device shown in FIG. 3a. 

In the case of a two-contact type electromagnetic 
switch device, there is always a possibility of danger 
because a main power source is directly connected to a 
motor. For this reason, 3-contact type electromagnetic 
15 switch devices are mainly used in motors of a large 
capacity.- For instance/ electromagnetic switch devices 
having a'' - configuration described in detail in 
conjunction with FIGS. 1 and 2 have been used .in diverse 
fields. Practically, three electromagnetic switch 

20 devices C, that is, the electromagnetic switch device CI 
for the main circuit, the electromagnetic switch device 
C2 for the star connection, and the electromagnetic 
si/itch device C3 for the delta connection, are used in a 
state assembled together under the condition in which 
25 the timer T is additionally installed, as shown in FIGS. 

3a and 3b. For this -reason, there is a high rate of 
erroneous line connections. Furthermore, there are 
disadvantages such as high manufacturing and installing 
costs and a large occupation space. 
30 The conventional star-delta starter also involves 

a complex wiring for the connection between the electric 
motor M and each electromagnetic switch device C. Such a 
complex wiring may result in a possibility of erroneous 
connections. As a result, the motor M may be frequently 
35 damaged, thereby resulting in a possibility of a severe 
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Disclosure of the Invention 

Therefore, an object of the invention is to solve 
the above mentioned problems involved in the prior art, 
5 and to provide an electromagnetic switch device for 
star-delta connections which includes two electromagnets 
arranged in its body and two switching units operating 
in accordance with respective magnetization states of 
the electromagnets in order to selectively establish a 
10 star connection or a delta connection for a three-phase 
electric motor, so that it can reduce installation costs 
and an occupation space when it is applied to a star- 
delta starter while using no unnecessary wiring, thereby 
reducing erroneous .connections and erroneous operations. 
I 5 In- accordance with the present invention, this 

object is accomplished by providing An electromagnetic 
switch device for star-delta connections comprising: a 
body; first through third power terminals arranged at 
one side portion of the body on an upper surface of the 
20 body and respectively connected to three-phase power 
lines; first through third main terminals arranged at an 
intermediate portion of the body on the upper surface of 
the body and respectively connected to one-side 
terminals of a three-phase electric motor; first through 
25 third star-delta terminals arranged at the other side 
portion of the body on the upper surface of the body and 
connected to the other-side terminals of the three-phase 
electric motor, respectively; a star connection plate 
set on the upper surface of the body and adapted to 
30 connect the first through third star-delta terminals to 
a star circuit; first through third contacts set beneath 
the star connection plate and adapted to connect the 
first through third star-delta terminals to a delta 
circuit; a timer assembled to the body at a bottom of 
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the body while being integral with the body, the timer 
serving to control a start-up time for the three-phase 
motor ; an electromagnet for a main circuit and an 
electromagnet for star-delta connections each including 
5 a fixed core and a coil assembled in the interior of the 
body, each of the electromagnets being selectively 
magnetized in accordance with a cooperation of the fixed 
core and coil thereof; a main circuit switching unit for 
selectively connecting the first through third power 

10 terminals with the first through third main terminals, 
respectively, in accordance, with the magnetization of 
the main circuit-end electromagnet; and a star-delta 
connection switching unit for connecting the star ' 
connection plate to the first through third star-delta 

15 terminals in accordance with the magnetization of the 

main circuit-end electromagnet under a condition in — 
which the first through third power terminals are 
connected with the first through third main terminals, 
thereby allowing the three-phase motor to be start up in 

20 a star connection state, the star-delta connection 
switching unit also serving to connect the first through 
third delta connection contacts to the first through 
third star-d4lta terminals when the star-kelta 
connection-end electromagnet is magnetized in accordance 

25 with an operation of the timer after the start-up of the 
three-phase motor, thereby causing the three-phase motor 
to be driven in a delta connection state; whereby the 
electromagnetic switch device has a configuration 
capable of enabling a selective connection of the three- 

30 phase electric motor to the star circuit or the delta 
circuit while simplifying a wiring for the connection. 

Brief Description of the Drawings 

The above objects, and other features and 
advantages of the present invention will become more 
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apparent after a reading of the following detailed 
description when taken in conjunction with the drawings, 
in which: 

FIGS. la, lb and 2 illustrate a conventional 
5 electromagnetic switch device and a star-delta starter 
using the electromagnetic switch device, respectively, 
wherein FIG. la is a perspective view illustrating the 
electromagnetic switch device, FIG. lb is a cross- 
sectional view taken along the line a - a of FIG. la, 
10 and FIG. 2 is an equivalent circuit diagram illustrating 
the star-delta starter; and 

FIG. 3a is a view illustrating a practical 
connection of a three-phase motor provided with a 
convention electromagnetic switch device; 
15 FIG. 3b is an equivalent circuit diagram of the. 

conventional-electromagnetic switch device shown in FIG. 
3a; ' . • -:\ ; 

FIG. 4 is a perspective view illustrating an 
electromagnetic switch device according to the present 
20 invention; 

FIG. 5 is an equivalent circuit diagram of a star- 
delta starter using the electromagnetic switch device 
according to the present invention; 

FIG. 6a is a cross-sectional view taken along the 
25 line A - A of FIG. 4; 

FIG. 6b is a cross-sectional view taken along the 
line B - B of FIG. 4; 

FIG. 6c is a cross-sectional view taken along the 
line C - C of FIG. 4; 
30 FIG. 7a is a perspective view illustrating a main 

circuit switching unit applied to the electromagnetic 
switch device of the present invention; 

■FIG. 7b is a perspective view illustrating a star- 
delta connection switching unit applied to the 
35 electromagnetic switch device according to the present 
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invention; 

FIG. 8a is a view illustrating the practical 
connection state of a three-phase motor to which the 
electromagnetic switch device of the present invention 
5 is applied; and 

. FIG. 8b is an equivalent", circuit diagram 
illustrating the electromagnetic switch device of the 
present invention shown in FIG. 8a. 

Best Mode for Carrying Out the Invention 

0 FIG. 4 is a ; perspective view illustrating an 
electromagnetic switch device according to the present 
invention. FIG. 5 is an equivalent circuit diagram of a 
star-delta starter using the electromagnetic switch 
device according to the present invention. 

5 As- t shown in "FIGS. * 4 and 5, the electromagnetic 

switch device of the present invent ion, which is' denoted 
by the reference character C, is designed to achieve a 
stable three-contact type connection, in order to 
eliminate problems resulting from an instable two- 

) contact type connection implemented in conventional 
cases. The electromagnetic switch device according to 
the present invention has* a configuration in which a 
timer 170 is contained in a body 110, along with a 
system for switching on and off a main power source, and 

1 switching systems for a star connection and a delta 
connection, as shown in FIGS. 4 and 5. 

FIG. 6a is a cross-sectional view, taken along the 
line A - A of FIG. 4. FIG. 6b is a cross-sectional .view 
taken along the line B - B of FIG. 4. FIG. 6c is a 
cross-sectional view taken along the line C - C of FIG. 
4; 

As mentioned above, the electromagnetic switch 
device according to the present invention has a 
configuration in which the timer 170 is contained in the 
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body 110 while being assembled to the body 110. Also, 
the electromagnetic switch device is configured to 
switch on and off the main power source by electronic 
switching operations conducted by an electromagnetic 130 
for a main circuit and a vertical moving member 152 for 
the main circuit. The electromagnetic switch device is 
also configured to selectively enable a star connection 
or a delta connection in accordance with the switching 
operation of a single star-delta switch including an 
electromagnet 140 for the star-delta connection and a 
vertical moving member 162 for the star-delta 
connection. Thus, the electromagnetic switch device 
according to the present invention has a configuration 
made by composing, in the form of a single product, an 
electromagnetic switch device CI for a main circuit, an 
electromagnetic -switch device ,C2 v for a star connection, 
and an electromagnetic switch' device C3 for. a delta 
connection, which have conventional - configurations, 
respectively. 

As apparent from FIGS. 8a and 8b illustrating the 
practical connection state of a three-phase motor, the 
electromagnetic switch device C, which has the form of a 
single product capable of achieving respective switching 
functions for the main circuit, star connection and 
delta connection, can simplify the wiring required for 
desired connections, as compared to the conventional 
case of FIGS. 3a and 3b. Moreover, the electromagnetic 
switch device C of the present invention exhibits 
superior assemblability, productivity, and stability, 
taking into consideration the fact that it is designed 
to stably achieve respective functions corresponding to 
those of three electromagnetic switch devices CI, C2, 
and C3 in the conventional case, using a single product. 

FIG. 8a is a view illustrating the practical 
connection state of a three-phase motor to which the 
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electromagnetic switch device C of the present invention 
is applied. FIG. 8b is an equivalent circuit diagram 
illustrating the electromagnetic switch device C of the 
present invention shown in FIG. 8a. 

In accordance with a preferred embodiment of the 
present invention illustrated in FIGS. 4 and 5, the 
electromagnetic switch device C includes a body 110, and 
first through third power terminals 121a, 121b, and 121c 
arranged at one side portion of the body 110 on the 
upper surface of the body 110 and respectively connected 
to three-phase power lines R, S, and T. The power 
terminals 121a, 121b, and 121c are insulated from one 
another. The electromagnetic switch device C also 
includes first through third main terminals 122a, 122b, 
and 122c arranged at an intermediate portion of the body 
110 oh -the- upper- surface . of .the body 110 and 
respectively connected to one-side terminals u, v, and w 
of a three-phase electric motor M. The main terminals 
122a, 122b, and 122c are insulated from one another. 
First through third star-delta terminals 123a, 123b, and 
123c are arranged at the other side portion of the body 
110 on the upper surface of the body 110. The star-delta 
tei*minals 123a, 123b, and 123c are Connected to the 
other-side terminals Z, X, and Y of the three-phase, 
electric motor M, respectively. The star-delta terminals 
123a, 123b, and 123c are insulated from one another. 

The electromagnetic switch device C further 
includes a star connection plate 124 arranged at the 
upper surface of the body 110 and adapted to connect the 
first through third star-delta terminals 123a, 123b, and 
123c to a star circuit. First through third contacts 
125a, 125b, and 125c are set beneath the star connection 
plate 124 in order to connect the first through third 
star-delta terminals 123a, 123b, 123c to a delta 
circuit . 
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An electromagnet 130 for a main circuit and ah 
electromagnet 140 for star-delta connections are 
disposed at a lower portion of the body 110 in such a 
fashion that they are laterally aligned with each other 
5 while being insulated from each other. The electromagnet 
130 includes a fixed core 131 and a coil 132 whereas the 
electromagnet 140 includes a fixed core 141 and a coil 
142. The electromagnetic switch device also includes a 
main circuit switching unit 150 arranged above the main 
10 circuit-end electromagnet 130 in the interior of the 
body 110 and adapted to switch on and off the main power 
source. A star-delta connection switching unit 160 is 
set above- the star-delta connection-end electromagnet 
140 in order to allow the three-phase motor M to be 
15 started up •■ in -a . star, connection state, and then to be 
driven in a delta connection state! 

The main circuit switching unit 150 serves to 
selectively connect the first through third main' 
terminals 122a, 122b, and 122c to respective power 
20 terminals 121a, 121b, and 121c in accordance with a 
magnetization of the main circuit-end electromagnet 130. 

FIG. 7a is a perspective view illustrating . a main 
circuit st/itching unit applied to the electromagnetic 
switch device of the present invention. 
25 As shown in FIG. 7a, the main circuit switching 

unit 150 includes a main circuit-end moving core 151 and 
a main circuit-end vertical moving member 152 integrally 
coupled together and arranged above the main circuit-end 
electromagnet _130. The main circuit switching unit 150 
30 also includes three main circuit-end moving members 
154a, 154b, and 154c respectively adapted to connect the 
first through third power terminals 121a, 121b, and 121c 
to the first through third main terminals 122a, 122b, 
and 122c in accordance with downward movements thereof 
35 conducted along with the main circuit-end movinc member 



THIS PAGE BLANK (uspto) 



PCT/KR 00 / 00 03 9 

IPEA/KR 2 0. 03. 200L 



13 

152 when the main circuit-end electromagnet 130 is 
magnetized. 

The main circuit switching unit 150 also includes 
main circuit -end compression coil springs 155 arranged 
around the moving core 151 between the upper surface of 
the main circuit-end electromagnet 130 and the lower 
.surface of the main circuit-end vertical moving member 
152 in order to provide a return force for returning the 
vertical moving member, 152 to its upper position. The 
main circuit-end compression coil springs 155. are 
arranged in pair in such a fashion that those . of each 
pair are disposed at opposite sides of the main circuit- 
end electromagnet 130. 

The main circuit-end compression coil springs 155 
serve to always../, "urge - ; the - main ■ circuit-end vertical 
moving member- 152 to move upwardly in a normal state:. 
The main circuit-end compression coil springs 155 have 
an elastic coefficient lower than the magnetic force .cf 
the main circuit-end electromagnet 130 in order to allcw 
the main circuit-end vertical' moving member 152 to move 
downwardly against the urging force of the main circuir- 
end compression coil springs 155 when the main circuit- 
end electromagnet 130 is magnetized, thereby causing*- the 
first through third power terminals 121a, 121b, and 121c 
to the first through third main terminals 122a, 122t; 
and 122c, respectively. 

Preferably, the main circuit switching unit. 130 
further includes main circuit-end damping springs 15 6 
for damping impact generated when the first through 
third- main circuit-end moving members 154a, 154b, 154c 
abruptly contact associated fixed contacts as the mam 
circuit-end vertical moving member 152 moves downwardly 
by virtue of the magnetic force of the main circuit-end 
electromagnet 130, respectively. Three main circuit-er.d 
damping springs 156 are provided as one set. 
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Since - the magnetic force of the magnetized main 
circuit-end electromagnet 130 is higher than the elastic 
coefficient of the main circuit-end compression coil 
springs 155, the main. circuit-end vertical moving member 
152 may be. abruptly lowered when the main circuit-end 
electromagnet 130 is magnetized, thereby generating 
impact or noise. To this end, the main circuit-end 
damping springs 156 are provided in order to damp impact 
or noise possibly generated when the first through third 
main circuit-end moving, members 154a, 154b, and 154c 
connect the first through third power terminals 121a, 
. 121b, and . 121c with the first through. . third main 
terminals 122a, 122b,. and 122c. 

The star-delta connection switching unit 160 
serves to switch the three-phase motor M between the 
"star connection and the delta connection as it moves 
vertically in accordance . with- a. magnetization, of the 
•star-delta connection-end electromagnet 140. 

In detail, the star-delta connection switching 
unit 160 connects the star connection plate 124 to 
associated fixed contacts in accordance with the 
magnetization of the main circuit-end electromagnet 130 
under the condition in*, which the first • through third 
power terminals 121a, 121b, and 121c are connected to 
the first through third main terminals 122a, 122b, and 
122c,. thereby allowing the three-phase motor M to be 
start up in a star connection state. When, the star-delta 
connection-end electromagnet 140 is subsequently 
magnetized in accordance with an operation of the timer 
170, the star-delta connection switching unit 160 
connects the first through third delta connection 
contacts 125a, 125b, and 125c to the first through third 
star-delta terminals 123a, 123b, and 123c, thereby 
causing the three-phase motor M to be driven in a delta 
connection state. 
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FIG. 7b is a perspective view illustrating the 
star-delta connection switching unit applied to the 
electromagnetic switch device according to the present 
invention. 

5 In accordance with a preferred embodiment of the 

present invention illustrated in FIG. 7b, the star-delta 
connection switching unit 160 includes a star-delta 
connection-end moving core 161 and a star-delta 
connection-end vertical moving member .162 integrally 
10 coupled together . and- arranged above the star-delta 
connection-end electromagnet 140. The moving core 161 
and vertical moving member. 162 are adapted to be moved 
together in accordance with a magnetization of the 
' electromagnet 140. The star-delta connection switching 

15 unit 160 also includes first through third star 
connection-end -moving members 167a, 167b,. and 167c 
adapted to move upwardly * along with the star-delta 
connection-end vertical moving member 162 in accordance 
with a magnetization of the main circuit-end 

20 electromagnet 130 under the condition in which the first 
through third main terminals 122a, 122b, and 122c are 
connected to the first through third power thermal s " 
121a, 121b, and 121c, so that they are connected to the 
first through third star-delta terminals 123a, 123b, and 

25 123c while being connected to the star connection plate 
124, thereby allowing the three-phase motor M to be 
started up in a star connection state. The star-delta 
connection switching unit 160 further includes first 
through third delta connection-end moving members 164a, 

30 164b, and 164c adapted to move downwardly along with the 
star-delta connection-end vertical moving member 162 
when the star-delta connection-end electromagnet 140 is 
magnetized after the time set by the timer 170 elapses, 
so that they are connected to the first through third 

35 star-delta terminals 123a, 123b, and 123c while being 
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connected to the first through third delta connection 
contacts 125a, 125b, and 125c, thereby causing the 
three-phase motor M to be driven in a delta connection 
state . 

The star-delta connection switching unit 160 also 
includes star-delta connection-end compression coil 
springs 165 arranged around the moving core 161 between 
the upper surface of the star-delta connection-end 
electromagnet 14 0 and the lower surface of the star- 
delta connection-end vertical moving member 162 in order 
to provide- a^ return force for returning the vertical 
moving member 162 to its upper position. The star-delta 
connection-end compression coil springs 165 are arranged 
in pair in such a fashion that those of each pair are 
disposed at opposite sides of the star-delta connection- 
end electromagnet 14 0. 

The star-delta connections-end compression coil 
springs 165 serve to always urge the star-delta 
connection-end vertical moving member 162 to move 
upwardly in a normal state. The star-delta connection- 
end compression coil springs 165 have an elastic 
coefficient lower than the magnetic force of the star- 
d4lta connection-end electromagnet 140* in order to allow 
the star-delta connection-end vertical moving member 152 
to move downwardly against the urging force of the star- 
delta connection-end compression coil springs 165 when 
the star-delta connection-end electromagnet 140 is 
magnetized, thereby causing the three-phase motor M zo 
be driven in a delta connection state. 

Preferably, the main circuit switching unit 150 
further includes star-delta connection-end damping 
springs 166 for damping impact generated when the first 
through third star connection-end moving members 167a, 
167b, and 167c abruptly contact associated contact 
portions as the star-delta connection-end vertical 
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moving member 162 moves upwardly by virtue of the urging 
force of the star-delta * connection-end compression coil 
springs 165 while damping impact generated when the 
first through third star connection-end moving members. 
5 167a, 167b, 167c abruptly contact associated fixed 
contacts as the star-delta connection-end vertical 
moving member 162 moves upwardly by virtue of the 
magnetic force of the star-delta connection-end 
' electromagnet '• 140, respectively. The star-delta 

10 connection-end damping springs 166 are arranged in the 
form of a plurality . of sets each including three star- 
delta connection-end damping springs. 

Since the magnetic force of the magnetized star- 
delta connection-end . electromagnet 140 is higher than 
15 ■ the elastic coefficient of the star-delta connection-end 
compression coil springs . 165, the star-delta connection- 
end vertical moving member 162- may be abruptly lowered 
when the star-delta connection-end electromagnet 140 . is 
magnetized, thereby generating impact or noise. To this 
20 end, the star-delta connection-end damping springs 166 
are provided in order to damp impact or. noise possibly 
generated when the first through third delta connection- 
end' .moving members 1.64a, 164b, and 164c* connect the 
first through third delta connection contacts 125a, 
25 125b, and 125c with the first through third star-delta 
terminals 123a, 123b, and 123c. Also, * the star-delta 
connect ion- end damping springs- 166 serve to damp impact 
or noise generated when, the first through third star 
connection-end moving members 167a, 167b, and 167c 
30 connect the star connection plate 124 to the first 
through third star-delta terminals 123a, 123b, and 123c 
as the star-delta connection-end vertical moving member 
162 moves abruptly in an upward direction by virtue of 
the urging force of the star-delta connection-end 
35 compression coil springs 165 in accordance with a 
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release of the magnetic force from the star-delta 
connection-end electromagnet .140. 

The electromagnetic switch device C of the present 
invention is also internally provided with an anti-arc 
zinc-plated steel plate (not shown) adapted to inhibit 
generation of an arc during the switching operation of 
the main circuit switching unit 150 or star-delta 
connection switching unit 160. 

In the drawings, the reference numeral 191 denotes 
terminals to which power lines are coupled in order to 
supply current to the coils 132 and 142. The reference 
numeral ' 192 denotes bolts respectively coupled to . the 
terminals 191 in order to provide an easy connection of 
the power lines to the terminals 191. 

The electromagnetic switch device C for star-delta 
connections /having the above mentioned configuration 
operates in a selected connection' state, as shown in the 
eguivalent circuit diagram of FIG. 5, in such a fashion 
that it establishes a star connection, when it is. 
desired to start up the electric motor M, in order to 
achieve a start-up of the electric motor M using 
starting current and starting torque reduced to a 1/3 
level while switching the connection of the electric 
motor M to a delta connection after completion of the 
start-up of the electric motor M. For the best 
understanding of the present invention, elements of FIG. 
5 respectively corresponding to those in FIG. 4 are 
denoted by the same reference numerals. 

Now, the operation of the electromagnetic switch 
device C for star-delta connections according to the 
present invention will be described. 

When current flows through the coil 132 of the 
main circuit-end electromagnet 130, which is constructed 
by the fixed core 131 and the coil 132, upon starting 
the three-phase electric motor M, the electromagnet 130 
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is magnetized by virtue of the current. Simultaneously 
with the magnetization of the electromagnet 130, the 
timer 170 begins to count the activation time of the 
electromagnet 130 . 
5 As , the electromagnet 130 is activated, it 

generates a magnetic force greater than the urging force 
of the main circuit-end compression coil springs 155, so 
that the main circuit-end moving core 151 and main 
circuit-end vertical moving member 152 are downwardly 

10 moved. At the same time, the main circuit-end moving 
members 154a, 154b, and 154c are downwardly moved, 
thereby causing the first through • third power terminals 
121a, 121b, and 121c to be connected with the first 
through third main terminals 122a, 122b, and 122c, 

15 respectively. 

In such - an initial state, the star-delta 
connection-end: electromagnet 140 is maintained under a 
non-magnetization condition, that is, a condition in 
which no current flows through the coil 142. 

20 Accordingly, .the star-delta- connection-end . moving coil 

161 and star-delta connection-end vertical moving member 

162 are maintained in a state in which they are spaced 
away from the coil l4<2 by virtue of the resilience of 
the star-delta compression coil spring 165. In this 

25 state, the first through third star connection-end 
moving members 167a, 167b, and 167c, which move upwardly 
along with the star-delta connection-end vertical moving 
member 162, connect the star connection plate 124 to the 
first through third star-delta terminals 123a, 123b, and 

30 123c the star connection-end moving contacts 167a, 167b, 
and 167c, thereby allowing the three-phase motor M to be 
start up in a star connection state. 

Thus, the three-phase electric motor M . can be 
stably started up in the initial state by electric power 

35 supplied via the three-phase power lines R, S, and T 
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respectively connected to the power terminal 121a, 121b, 
and 121c. 

After a predetermined period of time elapses, 
current flows through the coil 142 of the star-delta 
5 connection-end electromagnet 140 in accordance with an 
operation of the timer 170. By virtue of the current, 
the star-delta connection-end electromagnet 140 is 
magnetized . 

As the electromagnet 130 is activated, it 
10 generates a magnetic force greater than the resilience 
of the star-delta connection-end compression coil 
springs 165, so that the star-delta connection-end 
moving core 161 and star-delta connection-end vertical 
.moving member 162 are downwardly moved. 
15 At th e same time, the first through third star 

connection-end moving members 167a, 167b, and - 167c are 
downwardly .moved, so that they are separated from the 
star connection plate 124, thereby releasing the star 
connection state. Also, the delta connection-end moving 
20 members 164a, 164b, and 164c come into contact with the 
first through third delta connection-end contacts 125a, 
125b, and 125c and the first through third star-delta 
terminals 123a, 123b, and li-3c, thereby causing the 
three-phase motor M to be started up in a delta 
25 connection state. 

Thus, the three-phase motor M initially has a star 
connection state, so that it is stably started up by 
electric power supplied via the three-phase power lines 
R, S, and T respectively connected to the power terminal 
30 121a, 121b, and 121c. Following the start-up, the star- 
delta connection-end electromagnet 140 is magnetized, so 
that the first through third delta connection-end moving 
members 164a, 164b, and 164c connect the first through 
third delta connection-end contacts 125a, 125b, 125c 
35 with the first through third star-delta terminals 123a, 




/ 



123b, and 123c, respectively, thereby allowing the 
three-phase motor M to be driven at a full speed. 

Industrial Applicability 

As apparent from the above description, the 
electromagnetic switch device according to the present 
invention has a configuration in which the timer 170 is 
contained in the body 110 so that it is integral with 
the body 110. Also, the electromagnetic switch device 
has a configuration in which the system for switching on 
and off the main power source and the system for 
switching the connection of the three-phase motor M 
between the star connection and. the delta connection are 
contained in the body 110 so that they are integral with 
the body 110. By virtue of such configurations, the 
three-phase motor M can be stably and simply driven in a 
three-contact fashion. 

That is, in the electromagnetic switch device 
according to the present invention, the timer 170 is 
-contained in the body 110 while being integral with the 
body 110. Also, the electromagnetic switch device is 
configured to switch on and off the main power source by 
electronic switching operations conducted by the main 
circuit-end electromagnetic 130 and the main circuit-end 
vertical moving member 152. The electromagnetic switch 
device is also configured to selectively enable a star 
connection or a delta connection in accordance with the 
switching operation of the star-delta connection-end 
electromagnet 140 and the star-delta connection-end 
vertical moving member 162. Thus, it is possible to 
simplify the wiring required for desired connections, as 
compared to the conventional case. Moreover, it is 
possible to achieve improvements in assemblability and 
productivity while preventing erroneous connections, 
thereby obtaining an enhanced stability. 
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Although the preferred embodiments of the 
invention have been disclosed for illustrative purposes, 
those skilled in the art will appreciate that various 
modifications, additions and substitutions are possible, 
without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 
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Claims 

1. An electromagnetic switch device for star-delta 
connections comprising: 
a body; 

first through third power terminals arranged at 
one side portion of the body on an upper surface of the 
body and respectively connected to three-phase power 
lines; 

first through third main terminals arranged at an 
intermediate portion of the body on the upper surface of 
the body and respectively connected to one-side 
terminals of a three-phase electric motor; 

first through third star-delta terminals arranged 
at the other side portion of the body on the upper 
surface of the body and connected to the other-side 
terminals- of - the three-phase electric motor, 
respectively; 

a star connection plate set on the upper surface 
of the body and adapted' to _ connect the first through 
third star-delta terminals to a star circuits- 
first through third contacts set beneath the star 
connection plate and adapted to connect the first 
through third stfar-delta terminals to a delta circuit*; 

a timer assembled to the body at a bottom of the 
body while being integral with the body, the timer 
serving to control a start-up time for the three-phase 
motor; 

an electromagnet for a main circuit and an 
electromagnet for star-delta connections each including 
a fixed core and a coil assembled in the interior of the 
body, each of the electromagnets being selectively 
magnetized in accordance with a cooperation of the fixed 
core and coil thereof; 

a main circuit switching unit assembled to an 
upper portion of the body at one side of the body so 
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that it is integral with the body, the main circuit 
switching unit serving to selectively connect the first 
through third power terminals with the first through 
third main terminals, respectively, in accordance with 
5 the magnetization of the main circuit-end electromagnet; 
and 

a star-delta connection switching unit assembled 
to the upper portion of the body at the other side of 
the body so that it is integral with the body, the star- 

10 delta connection' switching unit serving to connect the 
star connection plate to the first through third star- 
delta terminals in accordance with the magnetization of 
the main circuit-end electromagnet under a condition in 
which the first through third power terminals are 

15 connected with the first through third main terminals, 
thereby allowing- the three-phase motor to be start up in 
a star connection state, . the > star-delta connection 
switching unit also serving, to corinect the first through 
third delta connection contacts to the first through 

20 third star-delta terminals when the star-delta 
connection-end electromagnet is magnetized in accordance 
with an operation of the timer after the start-up of the 
three-phase motor, thereby causing the three-phase motor 
to be driven in a delta connection . state . 

25 2. (Deleted) 

3. (Deleted) 

4. (Deleted) 

5* The electromagnetic switch device according to 
claim 1, wherein the star-delta switching unit 
30 comprises: 

a starrdelta connection-end moving core adapted to 
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move vertically in accordance with a magnetization of 
the star-delta connection-end electromagnet; 

a star-delta connection-end vertical moving member 
integrally coupled to the star-delta connection-end 
moving core and adapted to move vertically along with 
the star-delta connection-end moving core; 

first through . third star connection-end moving 
members adapted to move upwardly along with the star- 
delta connection-end vertical moving member in 
accordance with a magnetization of the main circuit-end 
electromagnet under a condition in which the first 
through third main terminals are connected to the first 
through third power " thermal s, so that they are connected 
to the first through third star-delta terminals while 
being connected to the star connection plate, thereby 
allowing the "three-phase electric motor to be started up 
in the star connection, .state; -and : 

first through third delta connection-end moving 
members adapted to move downwardly along with the star- 
delta connection-end vertical moving member when the 
star-delta connection-end electromagnet is magnetized 
after a time set by the timer elapses, following the 
start-up of the three-phase electric motor in the star 
connection state, so that they are. connected to the 
first through third star-delta terminals while being 
connected to the first through third delta connection 
contacts, thereby causing the three-phase electric motor 
to be driven in the delta connection state. 

6. The electromagnetic switch device according to 
claim 1, wherein the star-delta switching unit further 
comprises : 

star-delta connection-end compression coil, springs 
adapted to always urge the star-delta connection-end 
vertical moving member to move upwardly, thereby 
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allowing the three-phase electric motor to be started up 
in the star connection state, the star-delta connection- 
end compression coil springs having an elastic 
coefficient lower than a magnetic force of the star- 
delta connection-end electromagnet to allow the star- 
delta connection-end vertical moving member to move 
downwardly against the urging force of the star-delta 
connection-end compression coil springs when the star- 
delta connection-end electromagnet is magnetized, 
thereby causing the three-phase electric motor to be 
driven in the delta connection state, the star-delta 
connection-end compression coil springs being arranged 
in pair so that those of each pair are disposed at 
opposite sides of the star-delta connection-end 
electromagnet, respectively; and 

star-delta connection-end damping springs for 
damping impact • generated when the first through third 
star connection-end moving * members abruptly contact 
associated contact portions as. the star-delta 
connection-end vertical moving member moves upwardly by 
virtue of the urging force of the star-delta connection- 
end compression coil springs while damping impact 
generated when the* first through third star connection- 
end moving members abruptly contact associated fixed 
contacts as the star-delta connection-end vertical 
moving member moves upwardly by virtue of the magnetic 
force of the star-delta connection-end electromagnet, 
respectively, the star-delta connection-end damping 
springs being arranged in the form of a plurality of 
sets each including three star-delta connection-end 
damping springs . 



7. (Deleted) 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 



Claims [» 5 > 6 
Claims 



Claims ! > 5 » 6 
Claims 



Industrial applicability (IA) Claims [» 5 > 6 

Claims 
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NO 

r ■ "v 
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NO 
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NO 



2. Citations and explanations (Rule 70.7) 

This statement is based on the amended claims 1 , 5, 6 filed on March 20, 2001 with the letter of 
July 20, 2001. 

The claimed invention relates to an electromagnetic switch device designed to be used for a 
star-delta starter adapted to start up a three-phase electric motor. The electromagnetic switch 
device is configured to switch on and off a main power source by electric switching operations 
conducted by a main circuit-end electromagnet and a main circuit-end vertical moving member. 
It is also configured to selectively enable a star connection or a delta connection in accordance 
with the switching operation of a star-delta connection-end electromagnet and a star-delta 
connection-end vertical moving member. 

None of the documents in the International Search Report (ISR), taken alone or in combination, 
discloses the special combination of features defined in the invention. Furthermore, in the ISR 
documents there are no suggestions leading a person skilled in the art towards the invention 
defined by amended claims 1 , 5, 6. Therefore, the invention is novel, involves an inventive step, 
and has industrial applicability. 
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